The appearance of cataracts in animals with experimental diabetes has been described in dogs with pituitary6 or pancreatic diabetes,"'3 in rats with pancreatic,3'9 alloxan1"'11 or dehydro-ascorbic acid diabetes,' and in alloxan diabetic rabbits."'7 According to some of these investigators"1' , the app,earance of cataracts is correlated with the degree of hyperglycemia and glycosuria. The observations reported in this paper on partially pancreatectomized and alloxan-diabetic rats demonstrate further the influence of diet and the level of circulating blood glucose on the development of cataracts, and the importance of insulin in the control of the diabetic state and the consequent prevention of cataract development.
MATERIALS AND METHODS
Male rats were used throughout the investigation. In the first experiment upon rats of the Yale strain of 80 to 100 g. of body weight, 95% of the pancreas was removed using Foglia's technique. 8 In the second experiment, rats of the Wistar strain weighing between 100 and 150 g. were made diabetic by the intraperitoneal injection of alloxan, 10 mg./kg.
All animals in both experiments were given food and water ad libitum and were weighed at least once a week. The diets used were of the "synthetic" type; their composition is shown in Table 1 . It will be noted that all of the diets were iso-caloric so that animals on the high fat diets were receiving approximately the same percentage of protein calories and vitamins as animals on the high carbohydrate diet. Food intake on the various diets was determined at routine intervals in order to compare and relate the gains in weight to caloric ingestion in both diabetic and non-diabetic rats.
Each rat was housed in an individual screen bottom cage in an air-conditioned room held at a temperature of 25-26°C. with a relative humidity of 50-55 per cent.
Urinary glucose was determined in the fasting state at monthly intervals in the partially pancreatectomized animals, and ten days after alloxan administration in the injected rats in order to ascertain the number of animals that were diabetic. After the incidence of diabetes had been determined, non-fasting glycosuria was estimated at monthly intervals to establish the degree of diabetes and the amount of glucose excreted in the urine. In all cases, urine was collected under toluol, and Benedict's quantitative method was used for the determination of glucose in the sample.
The eyes of the rats were examined once a week, and the time at which the lens became opaque was noted.
RESULTS
The data in Table 2 show that in partially pancreatectomized rats the type of diet exerts an influence on the incidence of diabetes. In agreement with the results of Houssay and Martinez,'0 the high protein diet markedly reduced the incidence of diabetes, (at six months, 80% were diabetic on the high carbohydrate diet, but only 33% on the high protein diet). The incidence of diabetes (83%o) after six months on the high fat diet* was almost the same as on the high carbohydrate diet (80%o). The incidence of diabetes after six months on the high carbohydrate diet either with 0.5 per cent cholesterol added, or without added choline, was 65%o and 66%o, respectively. That the incidence of cataracts in the diabetic state is the resultant of the combined effects of type of diet and degree of glycosuria (a reflection of glycemia) is seen from an examination of the data in Tables 3 and 4 . On the same diet, both the incidence of cataracts and the glycosuria were higher in alloxan diabetes than in the animals made diabetic by partial pancreatectomy. On the high carbohydrate diet, where the glycosuria was highest, the maximum incidence of cataracts was observed. On the other hand, comparable animals on the same diet with their diabetes controlled with insulin so that the glycosuria was held to less than one gram per rat * The fat used in these experiments (Swift'ning) is a mixture of vegetable and animal fats. The incidence of pancreatic and alloxan diabetes is higher in rats fed on a high fat (lard) diet, and lower in rats fed on a high fat (coconut oil) diet.
per day showed absolutely no evidence of cataract formation. This complete protective action of insulin has now been extended to ten months.
No cataract was observed in the partially pancreatectomized animals on the high protein diet, while alloxan diabetic animals on the same diet exhibited an incidence of cataracts of 20%o. It will be noted in Table 4 that the glycosuria in the pancreatectomized animals on the high protein diet was less than one gram per rat per day, while the alloxan diabetic animals were excreting over two grams of glucose daily. No cataract was observed in any animal receiving the high fat diet, and all animals on this diet excreted in their urine less than 0.5 grams of glucose per day (Table 4) . None of the control rats (partially pancreatectomized and alloxan injected, non-diabetic animals) developed cataracts during the six months of the experiment.
A few (less than 10%o) of the diabetic rats on the high carbohydrate diet, with pronounced glycosuria (nearly seven grams per rat per day), did not develop cataracts during the six months of observation.
DIscUSSION
From the results reported here and elsewhere, the development of cataracts in diabetic rats is seen to be influenced by at least three factors: (a) age of the animals, (b) degree of hyperglycemia and glycosuria, and (c) duration of diabetes.
Age is an important factor in the development of cataracts since cataracts appear earlier in young than in old rats. In one earlier exploratory experi- ment, pregnant rats were made diabetic with alloxan on the 12th day of pregnancy. At the end of the gestation period some of the rats with severe diabetes delivered young which were given to non-diabetic mothers to nurse. These newborn rats from diabetic mothers had normal blood glucose levels and normal glucose tolerance curves and at no time exhibited symptoms of diabetes. It was observed, however, that about 50%o of the young developed cataracts, visible in both eyes when they opened their eyes for the first time, at approximately 15 days of age.1' From this result, it would appear that in the earlier stages of lens development, only nine days of hyperglycemia are necessary in order to produce cataracts. All of the evidence obtained in these experiments points to a direct correlation between the intensity of hyperglycemia and glycosuria, the duration of diabetes, and the onset of cataracts. The higher the glycosuria, the shorter is the period of time before the development of cataracts.
Further support of the idea that the level of blood glucose is an etiological factor in the development of cataract is seen from the fact that although rats on the high fat diet had as high an incidence of diabetes as animals on the high carbohydrate diet, their level of glycosuria was less than 0.5 g.
per rat per day and their incidence of cataract was zero. In addition, in every instance where the level of glucose excretion was held to less than one gram per day, whether by giving a high protein diet or by control of the diabetes through the use of insulin, the incidence of cataracts after six months was zero. A comparable, protective action of insulin in a short-term experiment (three weeks) in alloxan diabetes has been reportd by Kok van Alphen and Cohen."
The somewhat lower incidence of both diabetes and cataracts in partially pancreatectomized rats fed the high carbohydrate diet plus cholesterol or minus choline chloride-lower than in those fed the high carbohydrate diet-may be explained by the fact that the daily food intake of the former was less (about 17.7 and 17.8 g. per day compared with 19.5 g. per day).
When cataracts developed in those rats with severe diabetes, both eyes were involved at approximately the same time. On the other hand, in rats with moderate diabetes, especially in the partially pancreatectomized groups, cataracts were sometimes unilateral, with the second eye becoming involved after several weeks.
The influence of these diets and of treatment with insulin on kidney and arteriosclerotic lesions will appear in a future publication.
SUMMARY
The influence of different diets fed during six months on the incidence of diabetes in rats after subtotal pancreatectomy and on the development of cataracts in partially pancreatectomized and alloxan diabetic rats was studied, and the following results were obtained.
The incidence of diabetes decreased in 95% pancreatectomized animals fed a high protein diet, while only a slight reduction was observed in the incidence and severity of diabetes with the addition of cholesterol or the removal of choline in the high carbohydrate diet.
Development of cataracts was higher in diabetic rats fed a high carbohydrate diet; a lesser incidence was observed in high protein fed animals, while no cataracts developed in rats fed a high fat diet.
Treatment with insulin can prevent the onset of cataracts in rats with diabetes of at least ten months' duration.
In summary, the development of diabetic cataracts is directly correlated with the severity of the disease (hyperglycemia and glycosuria) and the duration of diabetes, and inversely correlated with the age of the rats.
